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[57] - ABSTRACT

A circuit breaker for a transmission line includes a plu-
rality of main interrupters and a plurality of parallel
resistor interrupters. In order to reduce an overvoltage
on the transmission line, the main interrupters are closed
at slightly different times.
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CIRCUIT BREAKER HAVING A PARALLEL
RESISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to circuit breakers
for transmission lines and more particularly to circuit
breakers for transmission lines having parallel resistor
interrupters for reducing an overvoltage condition
which appears on the transmission lines when it is con-
‘nected.
2. Description of the Prior Art
If an overvoltage appears on a transmission line or

bus bar to which circuit breakers are attached, it i1s

desirable to reduce the overvoltage which appears on
the transmission line when it is connected. In order to
reduce the overvoltage, pncr art circuit breakers have
utilized a plurality of main interrupters connected in
series between end terminals with parallel resistor in-
terupters connected through parallel resistors in series
between the end terminals and in parallel with the main
interrupters. The connections between the interrupters
are changed so as to change the value of the resistance

in parallel with the main interrupters. In prior art de-

vices, the connections are changed at least twice so as to
present at least two values of resistance before the main

interrupters are closed.
Various mechanical mechanisms have been used in

the prior art to chronologically change the connections
between the interrupters so as to change the resistance.
Mechanisms of this sort are shown in FIGS. 1 and 2.
FIG. 1 shows a circuit diagram of a monopole multi-gap
circuit breaker according to the prior art. As shown in
FIG. 1, a multi-gap circuit breaker has 2 main interrupt-
ers 1 connected in series between end terminals 8 and 9.
Parallel resistor interrupters 2, 3 are connected respec-
tively in parallel with each corresponding main inter-
- rupter L. Parallel resistors 6a and 6b are connected in
series with one another and the parallel resistor inter-
rupters 2 between the end terminals 8 and 9. The paral-
lel resistor interrupters 3 are connected from a pomt
between paralle! resistors 6a and 6b to each end termi-
nal 8 and 9. The point between the parallel resistor
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interrupters 2 and the point between the main circuit 45

interrupters 1 are connected electrically with each
other. In operation, the main interrupters 1 and parallel
resistor interrupters 2, 3 are mechanically connected to
a driving device 7 through a rod 4 and insulating rods §
and 10. Interrupters 3 are mechanically but not electri-
cally interconnected. Insulating rods 5 are used for
closing and opening the parallel resistor interrupters 3
since the mterrupter 3 should be insulated from the rod
4 which is connected mechanically and electrically to
the main circuit interrupters 1 and parallel resistor inter-
rupters 2.

During the operation of the circuit breaker, the main
interrupter 1 and parallel resistor interrupters 2, 3 are so
arranged that the mterrupters 1, 2, 3 will close at
slightly different moments of time. However, the inter-
rupters which have the same reference numerals will
close at the same time. When the circuit breaker is clos-
ing, at a first stage the parallel resistor interrupters 2 are
closed by the insulating rod 10 which is operated by the
driving device 7. The parallel resistors 6a, 6b are then
connected directly to the end terminals 8, 9. The ohmic
value between the end terminals 8 and 9 amounts to
2(Ra+Rb), wherein Ra is the ohmic value of the paral-
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lel resistor 62 and Rb is the ohmic value of the parallel
resistor 6b. At a second stage, the parallel resistor in-
terupters 3 are closed by the rod 4, insulating rods 5 and
insulating rod 10 which are connected mechanically
with each other. The parallel resistors 6a are connected
directly to the end terminals 8 and 9. The ohmic value
between the end terminals 8, 9 amounts to 2Ra. At the
final stage the main interrupters 1 are closed by the rod
4 and the insulating rod 10. The construction of the
circuit-breaker shown in FIG. 1 needs 2 parallel resistor
interrupters 2, 3 and the insulating rods § which operate
the parallel resistor interrupters 3. The mechanism
which makes the interrupters 1, 2, 3 close at slightly
different moments of time has low reliability, due to the
complicated nature of the connecting mechanism be-
tween the movable contacts of the interrupters 1, 2 and
3. | ' | : -

FIG. 2 shows a circuit diagram of a monopole multi-
gap circuit breaker according to the prior art. As shown
in FIG. 2, a multl-gap circuit breaker has 2 main inter-
rupters 1 connected in series between the end terminals
8 and 9. Parallel resistor interrupters 2 and 3 are con-
nected respectively in parallel with each corresponding
main interrupter 1 between the end terminals 8 and 9.
The parallel resistors 11 are inserted between the paral-
lel resistor interrupters 2. The parallel resistors 12 are
inserted between the parallel resistor interrupters 3. The
point between main breakers 1 and the points between
the parallel resistors 11, 12 are connected electrically.
The distance L; between the contacts of the parallel
resistor interrupters 2 is smaller than the distance L3
between the contacts of the parallel resistor interrupters
3. The ohmic value of parallel resistor 11 is greater than
that of parallel resistor 12. The interrupters 1, 2, 3 are so
arranged that they will close at slightly different mo-
ments of time. When the circuit breaker closes, at the
first stage, the parallel resistor interrupters 2 are closed; .
at the second stage, the parallel resistor interrupters 3
are closed; and at the final stage, the main interrupters 1
are closed. The resistance at the first stage is therefore
greater than at the second stage. The closing time lag
between the parallel resistor interrupters 2 and 3 de-
pends on the difference between L and L. The con-
struction of the circuit breaker shown in FIG. 2 requires
parallel resistors 11 and 12 which have different ohmic
values and parallel resistor interrupters 2 and 3 for each
main interrupter 1. It is inevitable that the driving de-
vices 7 must drive the interrupters 1 2, 3 and therefore
have low reliability. -

SUMMARY OF THE INVENTION

Accordingly, one object of this invention is to pro-
vide a new and improved circuit breaker for a transmis-
sion line. | -

Another object of this invention is to prowde a Cir-
cuit breaker which reduces an overvoltage situation.

A further object of the invention is to provide a cir-
cuit breaker having a connecting mechanism of high
reliability.

A still further cbject of this invention is to provide a
circuit breaker having a small number of parallel resis-
tor interrupters, simple driving mechanism and high
reliability. | -

Another object of the invention is to provide a circuit
breaker having parallel resistor interrupters which are
closed before main interrupters which are clcsed at

different times.
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Another object of the invention i1s to provide a circuit
breaker which may consist of a series of units, with each
unit having main interrupters which close at times dif-
ferent from other units.

Briefly, these and other objects of the invention are
achieved by providing a circuit breaker having a num-
ber of main interrupters in series between the end termi-
nals with parallel resistors and parallel interrupters con-

nected in parallel to the main interrupters. A driving
device operates the closing of the various interrupters.
Each main interrupter has a different closing time

which occurs after the closing of the parallel resistor
interrupters. The result is a reduction of overvoltage
which appears on the transmission line when it is closed.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ings, wherein:

FIGS. 1 and 2 are circuit diagrams of prior art circuit
breakers having main interrupters and parallel resistor
mterrupters

FIG. 3 is a sectional view of a first embodiment of the
present invention.

FI1G. 4 1s a graph which shows the relation between
the closing time lag, Ts and the overvoltage ratio, P.U.

FIGS. 5(a) and 3(b) are graphs which show the rela-
tion between the withstand voltage of the parallel resis-
tor and the voltage which appears between one of the
gaps of the main interrupters.

F1G. 6 is a sectional view of another embodiment of

a multi-gap circuit breaker in accordance with the pres-
ent invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, wherein like refer-
ence numerals designate identical or corresponding
parts throughout the several views, and more particu-
larly to FIG. 3 thereof, wherein a sectional view of a
first embodiment of the instant invention i1s shown as
including main interrupters, MC1 and MC2, and paral-
lel resistor interrupters, MR1 and MR 2. The main inter-
rupter MC1 consists of a movable contact 30z and a
stationary contact 3la. The main interrupter MC2
which is connected with the interrupter MC1 in series
consists of a movable contact 30b and a stationary
contact 315. Auxiliary movable contacts 324, 32b sur-
round the movable contacts 30a, 305 and are connected
with the movable contacts 30z, 30b electrically and
mechanically. Nozzles 68a, 60b of insulating material
are positioned outside of the auxiliary movable contacts
30a, 305, so that the arc between contacts 30a, 305 and
31a, 316 is blasted out when the main interrupters MC1,
MC2 are opened. Puffer cylinders 624, 62b extend lon-
gitudinally from the auxiliary movable contacts 32a, 3254
in a direction away from the nozzles 60a, 60b and are
guided over the supporting materials 3%a, 32b, during
the opening motion to form puffer chambers with sup-
porting materials 3%9q, 39b. These materials project from
a center casing 3¢ and are connected with the puffer
cylinders 62a, 62b which are connected with the auxil-
iary movable contacts 32q, 32b, electrically and me-
chanically, via a plurality of resilient fingers 43 which
are engaged with supporting materials 37a, 376 which
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project from the center casing. 36. The: stationary
contacts 31a, 316 are engaged with stationary contact
supporting parts 33a, 33b. At the top of the stationary
contact supporting parts 33a, 33b, a plurality of resilient
fingers 64a, 64) are shielded by shields 664, 665 to in-
sure a smooth electric ﬁeld around contacts 30a, 31a,
and 30b, 31b.

The stationary contacts 31a, 31b and the stationary

contact supporting parts 33a, 33b are connected with
parallel resistors 44, mechanically and electrically, by
means of supporting materials 34a, 34b. 68a, 686 may be

another stationary contact supporting part in the case of
a circuit breaker having more than 2 gaps, but in the
case of only a 2-gap circuit breaker, 684, 68b are con-
ductors which are connected with the conductors of a
bushing (which is not shown) or with a busbar (which is
not shown). |

The parallel resistors 44 are mechanically and electri-
cally connected with the supporting materials 34a, 345
and are connected with a stationary contact 45. The
stationary contact 45 is shielded with a shield 70 to
insure a smooth electric field between the stationary
contact 45 and a movable contact 46. On the other

‘hand, the movable contact 46 is shielded with shield 72

which is mounted upon the center casing 36. A rod 47

'is connected to movable contact 46 and is movable

therewith. Levers 48a, 48) are pivotted at pivots 74 and
connected to the rods 47. Bell-crank levers 40a, 40b are
pivotted at pivots 42a, 42b and have one arm connected
to rods 38a, 38, These rods are movable with the mov-
able contacts 30a, 30b and are guided over the support-
ing materials 3%, 396 during the opening and closing
motion. The other arm of the bell crank levers are con-

nected to insulating rods 41a, 415. The rods 414, 415 are
operated by any conventional means (not shown) which
may comprise a trip coil, pneumatic or hydraulic mo-
tors, a power accumulator, such as a spring or any com-

bination thereof as known in the art. The pivots 74
mechanically interconnect the pivots 42a, 426 so that

the levers 484, 48b rotate according to the rotation of
the pivots 424, 425, (Which is not shown but indicated

with dotted lines 49).

L3 is the size of the gap between the movable contact
30z and the stationary contact 31a. Ly is the size of the
gap between the movable contact 30 and the stationary
contact 31b. The length of the stationary contacts 31a,
316 are L.c, Lp, respectively.

The distance between the stationary contact Support-
ing part 33a and adjoining stationary contact supporting
part 68q is Lr. The distance between the stationary

contact supporting part 336 and adjoining stationary

contact supporting part 685 is Lx |

With the arrangement shown in FIG. 3 the operatmn
is as follows:

FIG. 3 shows the open position of the circuit breaker.
To close the breaker, the insulating rods 41a, 415 are
moved upwards to rotate the bell-crank lever 40z coun-
ter-clockwise and to rotate the bell-crank lever 40b
clockwise by any conventional means (not shown)
which may comprise a trip coil, pneumatic or hydraulic
motors, a power accumulator, such as a spring or any
combination thereof as 1s known. The movable contacts
46 of the parallel resistor interrupters MR1, MR2 are
actuated by the rods 47 which are connected mechani-
cally and electrically to the bell-crank levers 40a, 405b.
During the first stage the parallel resistor interrupters
MR1, MR2 close before the main interrupters close. It
will be understood that the total resistance between the
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end terminals is equal to 2R, when the ohmic value of
parallel resistor 44 is R. During the second stage, the
left hand main circuit interrupter which consists of the
movable contact 30z and the stationary contact 31a is
closed when the insulating rod 41a, moves upwards
further, since the distance L3 is smaller than the distance
L4. At this stage the total resistance between the end
terminals 1s equal to R. At the last stage the right hand
main circuit interrupter which consists of the movable
contact 30b and the stationary contact 31b is closed,
when the insulating rod 415 moves upwards further.
Thus the ohmic resistance between end terminals is
almost 0, that is, the circuit breaker is closed.

F1G. 4 shows diagrammatically the overvoltage ratio
which appears on the transmission line when the circuit
breaker shown in FIG. 3 is closed. The overvoltage
ratio is defined as the ratio of the overvoltage to the
rated voltage of the breaker. The reference Ts (units of
milliseconds) on the abscissa generally designates the
closing time lag between the main interrupters, owing

to the different length L3 and L4. The reference P.U. on

the ordinate generally designates the overvoltage ratio,
or the voltage which appears on the transmission line
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when the circuit breaker is closed compared to the rated

- voltage.

The overvoltage ratio has been calculated using the
followmg conditions. The length of the sound transmis-
sion line is 200 kilometers. The transmission line is one
~circuit and is open at its end. Its positive-phase surge
impedance Zs is 218 ohms. The capacitance to ground is
15000 pF/km. The source reactance estimated from the
circuit breaker terminal is 35 ohms. The total ohmic
value of the parallel resistors of the circuit breaker (2R)
shown in FIG. 3 is 500 ohms. The maximum rated volt-
age is reached when the parallel resistor interrupters are
closed. The transmission line may be either charged or
not charged with the voltage of the power source.
Under the condition that the transmission line is not
charged, the overvoltage ratio is calculated to follow
curve 101 shown in FIG. 4. Under the condition that
the transmission line is charged with the voltage of the
power source, the overvoltage ratio is calculated to
follow curve 102 shown in FIG. 4. Referring to FIG. 4,
it can be seen that it is possible to reduce the over-volt-
age effectively when the closing time lag Ts is more
than 1 mS. It is necessary to meet the following condi-
tions in order to set the closing time lag Ts to be more
than 1 mS considering the pre-arc between the main
circuit interrupters, when the circuit is connected to the
power supply:

The capacitance to ground of the transmission line is
15000 pF/km. The pressure of the SFg-gas in the tank to
which the circuit breaker is connected is 6 kg per square
‘centimeter. The following equation is true when the

arc-discharging characteristics are as shown in FIG.
3(a):
Ls§v+0.068-;1€-.—_@__.__ (1)
| 4.5 % 1010
\l kZs)? 4 ——Lee
(kZs)* + 7

where L; is the difference between the longest and
shortest distance between the statlonary contact and the
movable contact. (For example in case of FIG. 3
Ls=I4—L3.)

v is the final velocity of the movable contact shortly
before the main interrupters are closed.
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Zs is the positive phase surge impedance of the trans-
mission line. |

k 1s the ratio of the total value of resistance between
the end terminals to the positive phase surge impedance
of the transmission line, i.e. k=R/Zs. phase.

L1 is the length of the transmission line.

E 1s the peak value of the rated voltage on the trans-
mission line.

It 1s necessary to meet the following condition in
order to protect the parallel resistor from overvoltage
when the circuit breaker is closed and circuit is out of
phase. In the case when the big power circuit is out of
phase, the impedance of the circuit is small. The total
value of the parallel resistance between the end termi-
nals is normally more than the value of positive phase
surge impedance Zs of the transmission line. Accord-
ingly, the total value of the voltage 2E is charged upon
the parallel resistor. The parallel resistor can bear volt-
age more than 1.7E during a time smaller than 500 uS,
because the withstand voltage of the parallel resistor is
designed to bear a voltage greater than 2E.

FIG. 5(b) shows the relation between the voltage
charged upon one main interrupter or one parallel resis-
tor, and the closing time of the parallel resistor inter-
rupters or the main interrupters when the circuit
breaker is closed and circuit is out of phase. In order to
set the closing time lag to be more than 1 mS under the
condition that the arc-discharging <¢haracteric is
showed in FIG. 5(b), the following condition must be
met:

Ls<0.127E/n (2)
The total resistance, R, of the parallel resistor should

meet the following condition in order to reduce the
overvoltage when the circuit breaker is closed:

Zs=R=37Zs (3)

Zs normally meets the following condition:

180 ohms < Zs < 300 ohms 4

From the formulas 1-4, the maximum closing veloc-
ity of the movable contact of main circuit interrupter is
as follows:

v=0.059E/n

FIG. 5(a) shows the relation between the voltage
charged upon a main interrupter and the closing time
when a sound three phase circuit which is not charged
and having a length of 200 km is connected to the en-
ergy supply by the circuit breaker. T on the abscissa is

the closing time of the parallel resistor interrupter. T

on the abscissa is the closing time of the first group of
the main interrupters which close first. T3 on the ab-
scissa is the closing time of the second group of the main
interrupters which close last. The voltage which is
charged on one of the main interrupters is shown on the
ordinate. The solid line (sign O) describes the phase
A-circuit-breaker. The dotted line (sign A) describes the
phase B-circuit-breaker. Another dotted line (sign X)
describes the phase C-circuit-breaker.

V7 designates the voltage which is charged upon the
main interrupter of the phase B circuit breaker when the
main interrupter is closed by pre-arc at the time T2. Vp
designates the voltage which is charged upon the main
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interrupter of the phase B circuit breaker when the main
interrupter is closed by pre-arc at the time T3. The line
103 shows the characteristics of the withstand voltage
which is charged upon the main interrupter which is
closed by pre-arc at the time T, or which belongs to the
first group. The line 104 shows the characteristics of the
withstand voltage which is charged upon the main in-
terrupter which is closed by pre-arc at the time T3 or
which belongs to the second group. It was previously
stated that it is necessary to set the closing time lag

between the first main interrupter for example MC1 in
FIG. 3 and the second main interrupter, for example

MC2 in FIG. 3, to be more than 1 mS. For a device

having more than 2 interrupters, it is only necessary that
the time lag between any one of the main interrupters be
more than 1 mS. For example, 1 mS can be the time lag
between the first and second interrupter or the first and
last interrupter.

In the case shown in FIG. 5(a), the closing time lag
(T3—T>) is 3 mS, the closing velocity of the movable
contact of the main interrupter v is 1.5 m/S and the
difference between the gap of main interrupters L3 and
1.4in FIG. 3 or Ls is 6 mm.

In the case shown in FIG. 8(b), the circuit is out of
phase. At the time T}, the resistor interrupter is closed,;
at the time T the first main interrupter is closed and
then at the time T3 the second main interrupter is
closed. |

The time is shown on the abscissa and the voltage
which is charged upon one of the main interrupters 1s
shown on the ordinate. The circuit length of this case 18
1500 km and the two circuits are connected to the same
power station in parallel and run either over the same
place or over a different place.

The relation between the closing time and the with-
stand voltage of the phase A-circuit breaker is shown by
the solid line (sign O). That of the phase B-circuit
- breaker is shown by the dotted line (sign A). That of the
phase C-circuit breaker is shown by the another dotted
line (sign X).

V1 designates the voltage which is charged upon the
first main interrupter when it is closed by pre-arc at the
time T2. Vp designates the voltage which is charged
upon the second main interrupter when it is closed by
- pre-arc at the time T3. The line 105 shows the charac-
teristic of the withstand voltage which is charged upon
the first main interrupter. The line 106 shows the char-
acteristic of the withstand voltage which is charged
upon the second main interrupter. Vyw designates the
limited withstand voltage value of the parallel resistor.
After the first main interrupter is closed, the second
main interrupter should be closed by pre-arc before the
voltage which is charged upon the parallel resistor
(shown with the sign O) exceeds the value Vep. Trw
on the abscissa shows the time when the voltage be-
tween the gap of one of the main interrupters reaches
the limited voltage value or Vg Before this time or
Tr, the second main interrupter should be closed by
pre-arc.

Referring to FIG. 5(b), at the time T3 the second main
interrupter is closed. The time lag between Tryand T3
is set up 0.4 mS. The velocity of the movable contact of
the main interrupter v is 1.5 m/S and the difference
between the gaps of the main interrupters L3 and L4 in
FIG. 3 is 6 mm, in this case. |

The maximum voltage value which is charged upon
the parallel resistor is 1.35 times as much as the limited
withstand voltage value of the rated frequency. Ac-
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cording to the “ULTIMATE POWER FREQUENCY
AND IMPULSE PERFORMANCE, BM4 MATE-
RIAL” chart which was published Apr. 17, 1979 by
MORGANITE Co, it is preferable for the parallel resis-
tor that the aforementioned margin 1s 1.7. . |

Referring to FIG. 6, there is shown another embodi
ment of the multi-gap circuit-breaker, the same parts
being given the same reference numerals. In this em-
bodiment the main interrupters MC3, MC4 and the
parallel resistor interrupters MR3, MR4 belong to the
unit A and the main interrupters MCS, MC6 and the

parallel resistor interrupter MR5, MR6 belong to the
unit B. The gap between stationary contacts 31¢ and

movable contacts 30z of the main interrupters of the
unit A is L4 and the gap between stationary contacts
31a and movable contacts 30z of the main interrupters
of the unit B is Lp. L4 is longer than Lz and the differ-
ence between the gaps of the main interrupters of the
units A and B is (L4—Lp) or Ls. Ls is so arranged that
the closing time lag between the units A and B is more
than 1 mS. 7 designates a driving device which operates
the main interrupters and the parallel resistor interrupt-
ers of the units A and B.

The movable contacts 46 of the parallel resistor inter-
rupters MR3-MR6 and the movable contacts 30a of the
main interrupters MC3-MC6 are mechanically inter-
connected by means or a plurality of insulating rods 41,
bell-crank levei's 764, 76b and the operating rods 63a,
65b. They are so arranged that the main interrupters
MC3-MC6 will close at times separated by more than 1
mS. In case the number of units is more than 2, the
difference between the maximum gap and minimum gap
of the main interrupters is set up to be Ls. |

In this case too, the main interrupters are arranged so
that a plurality of units will close at difterent moments
of time, with the difference being more than 1, mS.

In the embodiments of both FIG. 3 and FIG. 6, the
differences between the gaps of the main interrupters
can be created in different manners. Referring to FIG.
3, the distances between the movable contacts 30a, 30,
and the opposite end of the stationary contact 31a, 315,
or the point at which the stationary contacts 31a, 315
come together with the stationary contact supporting
parts 33a, 33b is constant. Accordingly, the distance
(L3+L,) is equal to the distance (L4+Lp). The differ-
ent length of the stationary contacts 31a, 315 results in
different gaps of the main interrupters MC1, MC2. The
merit of this embodiment is that all parts of the main
interrupters MC1, MC2 other than the stationary
contacts 31a, 31b are common.

It is also possible to vary the length of the supporting
materials 34a, 34b so that they differ from each other.
This also results in the different gaps of the main circuit
interrupters MC1, MC2. |

Further, referring to FIG. 6, the alternation of the
link ratio of the bell-crank levers 40a, 40b, 76a, 76b, or
the differing length of the insulating rods 41a, 416 and-
/or the actuating rods 654, 65b result in the different
gaps of the main interrupters.

An example of this condition is as follows. Supposing
that the difference between the length of the operating
rods 65a, 65b or L, Ly is longer by L. then the differ-
ence between them when the gaps of the main interrupt-
ers are the same; Ls is so arranged that the closing time
lag between the first main interrupters and the last main
interrupters is more than 1 ms, then Ls and Lc meet the
following condition:
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Ls
vy V2

Lc =

where vy is the ratio of the bell-crank lever 40a, 40b and 5

v is the ratio of the bell-crank lever 76a, 766. |
Furthermore, supposing that the difference between

the length of the insulating rods 41a, 415 is L1, Ls and

L1 meet the following condltlon 10

Ls
Vi

Ly=

where vy is the same as set forth above.

Furthermore, supposing that the gaps of the main
circuit interrupters are the same and the velocity of the
movable contacts of the main interrupter are different,
resulting in the main interrupters closing at slightly
different moments of time. In this case, the velocity of
‘the movable contacts of the main interrupters should be
less than or equal to 0.059 E/n meter per second just
before the main interrupters are closed, where E repre-
sents the peak value against ground of the rated voltage
and n is the number of the main interrupters.

It is seen that the main circuit interrupters are so
arranged that they close at slightly different moments of
time by the aforementioned means. But it can be inevita-
ble that the main circuit interrupter will open at slightly
~ different moments of time, too when the interrupters are
interconnected with each other.

It is inevitable that the main and/or the parallel resis-
tor interrupters will open and close at slightly different
moments of time, and in order to remove this default,
resistors of high ohmic value are inserted in parallel
with the circuit interrupters between the main and par-
allel resistor interrupters. This invention utilizes the fact
that the main interrupters close at different moments of
time to an advantage.
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1. A circuit breaker comprising:

" a series connection of plural main interrupters con-

- nected in series between end terminals;

a plurality of parallel resistors;

- a plurality. of parallel interrupters, each of said paral-
lel interrupters connected in series with a respec-
- tive of said plurality of parallel remstors between
said end terminals; .

said series connection of main mterrupters belng con-
nected in parallel with said parallel interrupters
connected in series with sald respective of said
parallel resistors;
dnvmg means for providing power to operate said
main interrupters and said parallel interrupters;

connecting means attached to said main interrupters,
said parallel interrupters and said driving means for
transmitting the power of said driving means to
operate said main interrupters and said parallel
interrupters; -

wherein said connecting means, said main interrupt-

ers and said parallel interrupters are configured so
as to close said parallel interrupters before any of
said main interrupers and to close at least one of
said main interrupters at a time different than a time
of closing of another of said main interrupters by at
least 1 millisecond but less than or equal to 3 milli-
seconds.

2. A circuit breaker as claimed in claim 1 wherein said
main interrupters each include a movable contact, a
stationary contact, and a gap between said movable
contact and said stationary contact, wherein at least one
of said main interrupters has a gap different in size than
that of at least one other main interrupter.

3. A circuit breaker as claimed in claim 2, wherein the
velocity of said movable contact of said main interrupt-
ers is less than or equal to 0.059 E/n meters per second
at the time of closing of said main interrupters where E
equals the peak value of kilovolts of the rated voltage
compared to ground and n equals the number of main

In case the parallel resistor interrupters open after the 49 interrupters.

main circuit interrupters are closed, the overvoltage
does not appear across the parallel resistors when the
main circuit interrupters open. But in case the parallel
resistor interrupters open just before the main circuit
interrupters open, the overvoltage appears across the
parallel resistor when the main circuit interrupters
open.

The closing velocity of the movable contact is nor-
mally smaller than the opening velocity, that is, the
opening time lag is smaller than the closing time lag.
Therefore it is almost no problem that the main inter-
rupter will open at slightly different moments of time in
order to close at different moments of time, according
to the invention.

The circuit breaker according to this invention can
suppress the overvoltage which appears on the trans-
mission line when it is connected. Therefore it is possi-
ble that the dielectric level of the circuit breaker may be
reduced, reliability of the circuit is improved, and the
apparatus becomes less expensive.

Obviously, numerous additional modifications and
variations of the present invention are possible in light
of the above teachings. It is therefore to be understood
that within the scope of the appended claims, the inven-
tion may be practiced otherwise than as specifically 65
described herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

45

50

53

4. A circuit breaker comprising:
‘a plurality of units with each unit comprising:
a series connection of plural main interrupters con-
nected in series between end terminals;
—.a plurality of parallel resistors;
~ a plurality of parallel interrupters, each of said paral-
lel interrupters connected in series with a respec-
tive of said plurality of parallel resistors between
said end terminals;
said series connection of main interrupters being con-
nected in parallel with said parallel interrupters
connected in series with respective of said parallel
resistors;
wherein said units are connected in series with the
end terminals of adjacent units being connected;
driving means for providing power to operate said
main interrupters and said parallel interrupters of
said plurality of umits;
connecting means attached to said main interrupters,
said parallel interrupters and said driving means for
transmitting the power of said driving means to
operate said main interrupters and said parallel
interrupters;
wherein said connecting means, said main interrupt-
ers and said parallel interrupters are configured as
to close said parallel interrupters of each unit be-
fore the main interrupters of each unit, and to close
the main interrupters of each unit at a different time
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than the main interrupters of different units such
that at least one of said units has a time between the
closing of the main interrupters thereof at a time
- different that a time of closing of the main inter-

rupters of another of said units by at least 1 milli~

second but less than or equal to 3 milliseconds.
5. A circuit breaker as claimed in claim 4 wherein said
main interrupters each include a movable contact, a
stationary contact, and a gap between said movable

5

12

ferent 1n size than the gaps of at least one of said main
interrupters of another of said units.

6. A circuit breaker as claimed in claim 5, wherein the
velocity of said movable contact of said main interrupt-
ers is less than or equal to 0.059 E/n meters per second
at the time of closing of said main interrupters where E
equals the peak value in kilovolts of the rated voltage
compared to ground and n equals the number of main

contact and said stationary contact, wherein the gaps of 10 interrupters.

the main interrupters of at least one of said units is dif-
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